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EXECUTIVE SUMMARY
This report documents the development of state-level input-output models for Pennsylvania, West Virginia, and Oregon and the augmentation of the national input-output model that was developed previously for the project Valuing Domestically Produced Natural Gas and Oil 1 The state IO models were developed to assess the economic impacts of expenditures, employment, and research and development awards at the NETL sites located in Pittsburgh, PA, Morgantown, WV, and Albany, OR. The national IO model was developed to assess the economic impacts of NETL site expenditures, awards, and employment at the national level.
The primary goal of this project was to develop a fully defensible and transparent means for routinely estimating state and national economic impacts derived from NETL employment and activity. The development of this methodology and these models allows NETL to assess its influence with respect to the regional economy and to evaluate scenarios that represent alternative activity levels and expenditure allocations.
This project expands NETL's analytical capabilities by producing economic models that allow for the calculation of direct, indirect and induced employment, income, and output impacts, and total tax impacts. Further, the work conducted through this collaborative effort lays the groundwork for future analysis to be completed using a consistent methodology.
Constructing new models for economic analysis presents four primary challenges which lead to the identification of several key decision points. The four primary challenges were:
1. Identifying quality data sets for economic parameters; 2. Identifying and collecting NETL data sets; 3. Determining the most appropriate industry sectors for NETL Award expenditures;
4. Defining the most appropriate approach to implementing the model.
The principals guiding the decisions for which data sets to use and which regionalization method to employ were driven by the objective of developing a methodology that is complete, consistent and theoretically sound.
As noted, this project uses input-output (IO) models to derive the economy-wide impacts of NETL's activity. IO models were chosen for this project because they represent the economic relationships between all the sectors of the economy and because the underlying theory of IO models has been well tested and documented. Input-output models are used by economists to trace the direct and indirect requirements from industries for the production and delivery to final demand of specified levels of final demand. The final demand is specified on an industry by industry basis. Under the assumption that the input requirements per dollar of output remain constant for the period of analysis, the backward requirements for inputs from each supplying industry are traced through the supply chain.
The analysis reports estimates of the activity accounted for by NETL operations broadly defined. Whereas other approaches can be used to generate "net" benefits relative to alternative expenditure distributions (e.g., net jobs), this assessment pertains to actual expenditures for a given year. Hence, this approach provides estimates of actual impacts of expenditures already allocated.
The data used to represent NETL's 2008 activity at the Pittsburgh, PA, Morgantown, WV, Albany OR sites, and throughout the Nation are presented in Table ES-1. A summary of total impacts is provided in Table ES -2. The Non-Site Support (NSS) Awards are subject to a "translator" process designed to provide a more alternative, detailed description and allocation of award expenditures. This procedure is described in Section 7 of this report. . Table ES-2 provides the summary total impacts with the use of the translator process and the summary total impacts without the use of the translator process for comparison. The project objective was to develop a means for regularly estimating state-level and national economic impacts generated by NETL employment as well as operational activities, onsite contractor support, and awards that support external research. This project is driven by the need to conduct annual laboratory impact assessments. The analyses and models developed for this project capture the respective state and national economic and employment impacts of the three NETL sites noted. The main goal of this project was to develop the underlying models, assessment methodologies, and a software tool that can be used for current and future impact assessments by NETL and the research partners on this task.
NETL has previously reported impacts of its activities that were estimated using NETL data similar to what was collected for this project. Regional impacts in past analyses were developed to assess the economic and environmental impacts of expenditures and employment at, and research and development awards originating from, the National Energy Technology Laboratory (NETL) sites located in Pittsburgh, PA and Morgantown, WV. The previous project had used a national economic-input-output life-cycle assessment model that allows researchers to include detailed process-level environmental data as well as economy-wide (supply chain) environmental impacts.
Past regional impact analyses are similar to this project in the use of IO modeling and project objectives. However, this project does not consider environmental impacts and uses direct IO modeling instead of a combination of methods. Previous regional IO models were generated differently than those used in this modeling framework. This project extracts Make and Use tables, edits them to include a new "industry sector" representing the onsite federal activities. As a result, the modeling procedure captures these activities more accurately, and also provides a translator mechanism for further refining the final demand specifications corresponding to awards. Further, the work conducted through this effort lays the groundwork for future analyses to be completed using a consistent methodology and protocol from data compilation to reporting through model formulation and results generation. The project's target audiences are governmental decision makers, industry experts and researchers that will utilize the national and state models for their own economic impact analysis.
PROJECT SCOPE
This project has resulted in up-to-date state-level models for Pennsylvania, West Virginia, Oregon, and the nation 2 . Additionally, this has generated a standardized NETL data collection process for impact assessments. Although national level economic impact assessment models are appropriate to the estimation of national impacts, it is appropriate to use explicitly regional models for impacts estimates that will be used to inform regional decision-making. The intent of this project was to construct a framework and modeling platform for an input-output analysisbased impact model that will provide a better approximation of impacts of the NETL facilities on their respective states and the nation.
KEY CHALLENGES
Constructing new models for an economic analysis presented four primary challenges which lead to the identification of several key decision points. The four primary challenges were:
1. Finding quality data sets for economic parameters; 2. Identifying and collecting NETL data, 3. Determining the most appropriate industry sectors for allocating NETL Award expenditures, 4. Defining the most appropriate approach to implementing the model.
The decision criteria that guide the choices arising from these challenges are outlined below. Additional detail on the data collection, model regionalization and model implementation processes are specified in their respective sections of this document. 
Economic Data Sets
MODELING APPROACH
Input-output analysis is based on the inter-industry sales and purchase relationships that exist in every economy. IO analysis characterizes an economy by describing these flows of goods and services between industries, institutions, and the final market.
BACKGROUND
François Quesnay (1694-1774), a French physician turned economist was the first to use this type of system to describe the economy. One of his main works, Le Tableau Économique (1758), contained an early, much less sophisticated version of a multi-sector input-output system. He aimed to show diagrammatically the flow of money in a primarily agrarian economy. Later, forms of this technique would be expounded upon by such great economic minds as David Ricardo, Karl Marx, and Léon Walras.
However, it wasn't until the late 1930's that Wassily Leontief (1906-1999), a Russian-born American economist, developed the analytical framework that would become modern inputoutput analysis. For this substantial contribution to the field he was awarded the Nobel Prize in Economic Science in 1973. In more recent years, input-output analysis has been extended to deal with such things as energy consumption, environmental factors, and employment impacts. It can now also be extended to consider interregional and multiregional analyses.
FOUNDATIONS
The statistical foundation of IO analysis is essentially an accounting framework. The basis of any type of IO system is the transactions matrix. The transactions matrix is a means of ordering all inter-industry sales (outputs) and purchases (inputs) -the economic transactions that occur in the economy -during a given time period. Each column of this matrix consists of the values of the inputs required by a given industry to produce its output. Each row consists of the values of the industry's outputs distributed throughout the economy. This transactions matrix only reports the intermediate goods and services being exchanged among industries.
Additionally, a full input-output table also includes a few additional rows (value added) and additional columns (final demand). The value added rows include information about the nonindustrial inputs of production, such as labor. The final demand columns show the sales by each industry to a final market, such as consumption, investment, government purchases, and net exports. An example of an input-output table is produced below in Figure 1 . 
Transactions
To make economic sense, total outputs must equal total inputs. Then, we can see that:
The left hand side of this final equation is gross national product and the right hand side is gross national income.
TECHNICAL COEFFICIENTS (A IJ )
Assumptions
1.
Interindustry flows from i to j in a given time period depend solely on the total output for sector j in that same time period.
2.
The technical coefficients are constant and measure fixed relationships between an industry's output and its inputs.
Production operates under constant returns to scale (CRS).
4. IO analysis requires that an industry uses inputs in fixed proportions.
The technical coefficient, a ij , can be interpreted as the dollar's worth of input from industry i per dollar's worth of output of industry j. We can now define the technical coefficients matrix for an n-industry economy, A: Using the numbers above in Figure 1 , the technical coefficients matrix is defined as:
Now, if we let Y i be industry i's sales to final demand:
Then we can write that:
Using the equation for technical coefficients above:
By manipulating this equation in matrix form we can define the complete system as:
where, I corresponds to the (nxn) identity matrix and (I-A) -1 is called the Leontief inverse.
The Leontief inverse referencing Figure 1 is:
To show the dependence of the gross outputs on the values of the final demands we can define the elements of the Leontief inverse as l ij and write the equation:
OPEN OR CLOSED MODEL
The IO model can either be open or closed with respect to households. The difference between an open model and a closed model is that households are exogenous in the open model and endogenous in the closed model. In a closed model, households are treated as part of the production sector and are therefore economically connected with all other parts of the transactions matrix. This addition adds one extra row and column to the transactions matrix, the matrix of technical coefficients, and the Leontief inverse. The household sector can be thought of as equivalent to an industry that buys consumer goods from and sells labor to all other industries. Given the project goal of modeling the direct, indirect, and induced impacts of the three NETL offices and operations, we use a model that it closed with respect to households as the base analytical framework.
Strengths
 IO models provide a large amount of information in a concise and easy-to-understand form. They present a comprehensive picture of the economy and its inter-industry relations.  IO analysis is transparent; it does not rest on as many assumptions and parameters as some of the models that are discussed later in this document.  Extremely useful in analyzing the impact of a change in any sector on the output of others.  One main attribute of IO analysis is its descriptive analytical power. It has predictive capabilities in that it can estimate both direct and indirect impacts as they are tracked through the economy.  IO analysis analyzes changes and impacts on an industry-by-industry level, tracing the flow of dollars between industries. Therefore, it is possible to have a very precise calculation of the economic impacts to the economy. 
The extension of an IO model to an interregional or multiregional framework is straightforward.
Weaknesses
 Constructing transactions matrices can be costly and time-consuming. These data, however, are often collected by government agencies and are available for use but with some significant time lag.
 An IO matrix gives a static view of the economy and can make structural projection difficult. However, with a significant level of complication, input-output models can be transformed into dynamic models. With required data and economic assumptions, it is also possible to make changes to the initial IO model in order to model different time periods by assuming that technical coefficients are stable over time. As a tool for quantifying the effects of an existing activity, however the static representation of the economic structure accurately reflects activities already in place.  IO analysis does not allow for interaction between supply and demand. Prices of capital, labor, and intermediate inputs are fixed.  IO models are not constrained by supply or capacity constraints; although these could be handled with the external processing of data. As a tool for quantifying the effects of an existing activity, the lack of supply constraints is not a significant issue. The lack of supply constraints becomes a more substantial issue in the context of predicting the impacts of new activity.

The linear relationships assumed in IO analysis do not allow for externalities or increasing/decreasing returns to scale. Again, however, as a tool for quantifying the effects of an existing activity, the significance of this assumption is minimal.  There is no statistical test to check the model specification.  Unlike other methods, such as cost-benefit analysis, IO is sometimes criticized for not providing an assessment of net impacts relative to alternate expenditure allocations. However, the objective of this exercise is to estimate the impacts of recent rather than future NETL operations. Hence, since the goal of this exercise is to provide assessments of expenditures already allocated rather than determining some alternative optimal allocation distribution, there is no attempt to generate net benefits.
MODELS DEVELOPED FOR NETL IMPACT ANALYSIS
This project incorporates several assumptions into the study design. These assumptions impact the results and should be taken into consideration when analyzing, interpreting and applying the results generated from the project model.
Since the project uses the economic input-output modeling framework, all of the assumptions underlying input-output are relevant. Among those assumptions are the following:
1. The economy can be represented by a set of linear equations with parameters derived primarily from data developed by the Bureau of Economic Analysis. Production is represented as a linear function. 2. The 2007 data upon which the economic model is based are the most recent data available. These data used are assumed to be representative of current economic structure. 3. Impact estimates are interpreted as average impacts, such as average employment per economic sector.
For a given amount of input of operational expenditures, salary and benefits, and award information from NETL PA, WV and OR facilities, the output includes information regarding the impact of these facilities on the regional and national economies and job creation. Impacts results include industry-specific numbers of full time equivalents (jobs), income, output, and value added by component. Value added components include household compensation, proprietors' income, other property type income, and indirect business taxes, all of which follow standard national accounting convention definitions. The model also generates an array of estimated tax impacts.
DATA COLLECTION
IMPLAN DATA SOURCES
Software and data purchased from the Minnesota IMPLAN Group, Inc. forms the foundation for the regional IO models and for the national IO model. All of the models have been constructed with the IMPLAN software, using 2007 structural and region-specific data.
Within each model, trade flows-the transfer of goods and services between the region and the rest of the world-are estimated using the average regional purchase coefficient (RPC) method. The RPC method estimates trade flows based on econometric equations internal to IMPLAN. These equations are based upon a number of regional-to-national variables, including the wage ratio, "other costs" ratios, output ratios, the commodity weight/value ratio, the ratio of the number of users of a good, the ratio of the number of producers of a good and the land area ratio.
The following data were extracted from IMPLAN and saved in spreadsheet form for use in the impacts assessment model: Table - contains information on the use of commodities by industry (the dollar value of purchases of goods and services by each industry for use in the production process)
 Regional Make Table -contains To capture direct, indirect and induced impacts on various economic parameters, industry-level data (i.e. production, operational expenditures, employment, awards, etc.) were collected, processed and analyzed. An important consideration in determining the level of industry detail to incorporate into this study is the relevance of a given industry in the scope of the project. The industry schema used in this project's models is shown in Table 1 . The schema was derived by aggregating IMPLAN industries and is largely consistent with industry schemas used by the Bureau of Economic Analysis, but is altered slightly to provide granularity in sectors relevant to NETL such as coal mining, architectural and engineering services and scientific R&D services. Specifically, some of the NETL data categories and sources are summarized as follows:
The source of the NETL Federal wages and salaries data (calendar year 2008) was NETL's Human Resources Division. For each federal employee at NETL, the data required include the assigned work site (e.g., Pittsburgh, Morgantown or Albany,), the state of residence, the annual unburdened salary, a multiplier for benefits, and the total burdened salary (salary plus benefits).
 NETL (Operational Expenditures)
The Operational Expenditures Data for FY2008 were provided by the Information Technology Division. As used in this context, operational expenditures constitute materials purchased -everything from paper towels to computers to complex laboratory equipment. The purchasing site and home state for each vendor were recorded to enable an accounting of purchases by geographic origin. The impacts of the operational expenditures were determined by the state location of the vendor. Typically, 'awards' are not attributed to a particular NETL site, but include all awards made at all sites. Regardless, award data provided by the NETL project tracking system do provide information assumed to be sufficient to model award impacts in the state where the awardee is located. Once the data are collected, the performers were mapped to industries listed in Table 1 .
 Site Support Contractor (Wages/Salaries and Expenditures)
The source for Site Supported Contractor data is the Office of Crosscutting Functions. Targeted requests were sent to each site-support contractor, and the following information was gathered:
o Name, business address, and ZIP Code of the prime contractor o FY2008 total cost, where possible broken out by NETL site, o Name, business address, and ZIP Code of each subcontractor/consultant employed during the FY -where possible, broken out by NETL worksite
Project personnel interacted closely with individuals from the above organizations who provided all of the data necessary for model development and application. Based upon the data formats provided by the various NETL groups and organizations, standardized data collection vehicles were developed that can be used to collect the data in future years. These data collection vehicles were developed to make future data collection efforts seamless from the standpoint of both those collecting the data and for those executing the models.
MODEL CONSTRUCTION
The models developed for this project are Excel-based applications that include regional and national models that achieve the stated project objectives. The models include an interactive (though not necessarily graphical) user interface with the following features: e) Produces results that can easily be incorporated in report form.
The primary input-output database -IMPLAN -is a widely used software and database package, and lists hundreds of universities, public and private institutions among its clients. The IMPLAN database was used to construct the regional and national input-output tables, and then the IO models were developed in Excel spreadsheet format.
The Excel spreadsheet IO models were created using IMPLAN data and NETL information. NETL Vendor data augmented the IMPLAN MAKE and USE tables, effectively forming a separate "NETL O&M" sector. NETL Federal Employee wage data also were used as the O&M value added in the USE table. Non-Site Support (NSS) and Site-Support Contractor award expenditures were combined and formed the basis of the final demand vectors that drive the models. The final demand entry for the NETL O&M sector corresponds to the sum of vendor data and federal employee wage estimates. Final demands then drive the respective models and generate results in the form of a total output vector. The relationships between output and employment, employment compensation, and the remainder of value added are used to calculate impact for these categories, and for taxes.
The Non-Site Support (NSS) Awards are subject to a "translator" process designed to provide a more detailed description and allocation of award expenditures. The NSS awards are initially assigned a sector based on the facility/operator sector category of the recipient. The translator process allows a single award to be allocated to multiple sectors through a sector weighting process. These weights allow for a more refined distribution of expenditures across the assigned sectors for each award. The translator process must be implemented by a user exercising professional judgment based on the comprehensive description of the award in the database provided. This process is beneficial in accounting for awards expenditures that may impact multiple sectors. For example, awards initially allocated solely to the IMPLAN sector Junior Colleges, Colleges, Universities, and Professional schools typically conduct scientific research and development services as a part of their award expenditures. As such, the award activities more closely resemble the scientific research and development services sector than the education sector. The Scientific research and development services is an IMPLAN designated sector and therefore funds awarded by NETL to the Junior Colleges, Colleges, Universities, and Professional schools sector should also reflect the Scientific research and development services sector. Using the translator process described above provides a means for designating more appropriate award allocations by sector. Table 2 illustrates this process. 
RESULTS
The IO regional and national models developed for this project provide information on the economic impact of NETL activities at regional and national levels. The state level IO models for the Pittsburgh, PA, Morgantown WV, and Albany OR offices were developed to assess the economic impacts of expenditures, employment, and research and development awards at the NETL sites for the respective states. The national IO model was developed to assess the economic impacts of NETL site expenditures, awards, and employment at the national level. The top ten sectors impacted by NETL activities represented by the results of the regional and national models are shown below. While there is variation across regions, there are some sectors that are present in the top ten for all of the geographic areas. The Operations and Maintenance sector representing NETL operational expenditures, is expectedly impacted heavily by NETL activities. Also present in the top ten impacted sectors for all of the models is the State, Local, and Other sector. This sector contains the State and Weatherization award programs and funding associated with this type of award. The retail trade sector is also relatively heavily impacted by NETL activities, as a consequence of its role in all final consumption. The regional and national model impacts to the top ten industries per region are shown in Table 3 . 
CONCLUSIONS
This project provides a basis for annual laboratory impact assessments of NETL facilities, standardization of NETL data collection for annual impact assessments, and development of models and an assessment methodology that can be used by NETL and its partner research universities for current and future impact assessments. This project provides the means to identify geographic differences in impacts of changing economic structure, allows for the estimation of economic impacts of the actions of PA, WV, and OR NETL facility actions and job creation. The models and methods developed for this project will benefit and guide future NETL economic impact assessments.
With an established protocol in place, analysts in future years will have the benefit of a more thorough understanding of data requirement and reporting needs, including the most useful formats for data provision. Annual updating tasks will include updating the regional and national models with new data, presumably from IMPLAN. Updates will not only reflect changes in activity level by geographic region, but also often reflect changes in industry classification schemes. For each update year, analysts will need to ensure consistency with industrial sectoring schemes, and will need to generate and extract the necessary tables for use in the spreadsheet models. Further, it remains the task of the analyst to inspect the awards data to make determinations as to whether to apply translators and if so, what the translator composition should be.
